General Methods. DNA oligonucleotides were synthesized using standard automated solid-phase phosphoramidite coupling methods on a PerSeptive Biosystems Expedite 8909 DNA synthesizer or purchased from Integrated DNA Technologies. All reagents and phosphoramidites for DNA synthesis were purchased from Glen Research. Oligonucleotides were purified by reverse-phase high-pressure liquid chromatography (HPLC) using a C18 stationary phase and an acetonitrile/100 mM triethyl ammonium acetate gradient or by Oligonucleotide Purification Cartridge (Applied Biosystems).
was as follows: 95 °C for 10 minutes, then iterated cycles of 95 °C for 30 seconds, 58 °C for 30 seconds, and 72 °C for 30 seconds. In preparative PCR reactions, upon completion of the iterated cycles, a final incubation at 72 °C for 2 minutes was performed. For qPCR, conditions were identical to those above, except that Sybr Green I Nucleic Acid gel stain (0.5x final concentration from a 10,000x stock solution, Invitrogen) was added to the reaction mixture. Quantitative PCR experiments were performed in triplicate on a BioRad CFX96 Real-Time PCR Detection System. qPCR: The appropriate hairpin 8 (625 pM) or a 1:1 mixture of 4a and 5 for the intermolecular cases (625 pM each) were subjected to qPCR under the standard conditions.
Oligonucleotide Modeling Program (OMP) Calculation (Figure 2a
)
PAGE:
The appropriate hairpin 8 or a 1:1 mixture of 4a and 5 for the intermolecular cases were subjected to 25 cycles of PCR under the standard conditions. The reactions were analyzed by PAGE (10% TBE gel, 200 V, 20 minutes). 
Non-Natural Linker

Optimization of Stem Length
The appropriate hairpin was subjected to qPCR under the standard conditions. The substrates with 10-and 8-bp stems were amplified to threshold detection levels in 17-18 cycles, while the 6-bp stem was far less efficient in initiating PCR ( Figure S1 ). Figure S1 . Optimization of stem length. . The log of starting copy number was plotted vs. threshold cycle, and a linear function was fit to the data ( Figure S2 ). 
Synthesis of 9b
The disulfide 9b was synthesized using the route shown in Figure S3 . S6 and S7 were first functionalized with small-molecule carboxylic acid derivatives, providing 4b and 10b. A mixed disulfide was then generated from 10b, which was reacted with the free thiol analog of 4b to yield 9b. Figure S3 . Synthesis of 9b.
Acylation of S6 and S7
The appropriate carboxylic acid (0.1 mmol) and N-hydroxyl-succinimide (0.1 mmol) were dissolved in 0.1 mL DMF in a 1.5 mL eppendorf tube. N,N'-dicyclohexylcarbodiimide (DCC) (0.1 mmol) was added, and the resulting mixture was agitated at room temperature for 30 minutes. During this time, a white precipitate formed. The reaction was briefly centrifuged, and 0.05 mL of the supernatant was added to a solution of S6 or S7 (10 nmol) in 0.1 mL of 0.2 M phosphate buffer (pH 8) in a separate eppendorf tube. The resulting solution was vigorously agitated for 6 hours, and then diluted (0.5 mL total volume) prior to purification by Nap5 column. The recovered DNA was further purified by HPLC, typically yielding 1-2 nmol of the desired product (10b or 4b).
4-azidobutyric acid
ii was coupled to S6 to give 4b.
4-formylbenzoic acid was coupled to S7 to give 10b.
Ligation of 4b and 10b
A solution of 4b (500 pmol) and DL-dithiothreitol ( added to the solution of 10b (the total volume did not exceed 20 µL), and the resulting solution was agitated at 4 ºC for 12 hours. The DNA was precipitated with ethanol, and the desired product (9b) was isolated by gel purification (3% Ambion Agarose-HR gel). Typically, 100 pmol of disulfide 9b was obtained.
qPCR Analysis Primer Sequences
S8: GAG CTC GTT GAT ATC CGC AG
S9: ACC TAA AGC TAG CAG CTG GC
The hairpin 9b (500 pM) or a 1:1 mixture of 4b and 10b (500 pM each) for the intermolecular case was subjected to qPCR under the standard conditions.
PAGE analysis:
The appropriate hairpin 9b (500 pM) or a 1:1 mixture of 4b and 10b for the intermolecular case was subjected to 20 cycles of PCR under the standard conditions. The reactions were analyzed by PAGE (10% TBE gel, 200 V, 20 minutes) ( Figure S4 ). To a 45 µL solution of 4c (2.5 pmol) and 10c (3.75 pmol) in 8:1 MOPS buffer (100 mM MOPS, 1 M NaCl, pH 7.5):CH 3 CN was added 5 µL of a 0.14 mg/µL solution of DMTMM in MOPS buffer. The resulting solution (50 µL total volume, 9:1 MOPS:CH 3 CN) was briefly vortexed and then left at 4 °C for 14 hours. The reaction was allowed to warm to room temperature and diluted with 50 µL of 0.1M aqueous NaCl. The DNA was precipitated with ethanol prior to subsequent analysis. Control experiments were performed analogously, but with omission of DMT-MM or with substitution of the amine-terminated DNA (4c) for hydroxyl-terminated DNA (4a).
qPCR Analysis
Primer sequences S1: GCA GTA CCA ACC CTG TAC AC S10: CTG AGC TCG TTG ATA TCC GCA G DNA from the acylation reaction (9c) was subjected to qPCR under the standard conditions. DNA from control reactions was identically treated. A dramatic dependence of C T upon addition of DMT-MM was observed, consistent with acylation and subsequent intramolecular priming through the amide linker ( Figure S5 ). Upon replacement of amine-modified DNA 4c with unmodified, 3'-OH 4a, DMT-MM did not influence PCR efficiency ( Figure S5 ). Figure S5 . Amide formation-dependent PCR.
Optimization of DNA-Templated Amide Bond Formation.
Experiments with fluorescently-tagged, amine-modified DNA enabled direct determination of conversion from amine-DNA to carboxylate-ligated DNA.
Sequences
Cy3 = Cy3 Phosphoramidite (Glen Research) S11: Cy3-GCA GTA CCA ACC CTG TAC ACC ATC TCA AGT TCT ATC-NH 2 S12: CO 2 H-CCT GAC TAC AGA GTG GGA TGC ATA GAA C S13: CO 2 H-CCT GAC TAC AGA GTG GGA TGT TGA CCG T
DMT-MM-Mediated Coupling of S11 and S12
To a 90 µL solution of S11 (5.0 pmol) and S12 (7.5 pmol) in 8:1 MOPS buffer (100 mM MOPS, 1 M NaCl, pH 7.5):CH 3 CN was added 10 µL of a 0.14 mg/µL solution of DMT-MM in MOPS buffer. The resulting solution (100 µL total volume, 9:1 MOPS:CH 3 CN) was briefly vortexed and then left at the appropriate temperature (see conditions, figure S6 ) for 14 hours. The DNA was precipitated with ethanol prior to subsequent analysis.
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sNHS/EDC-Mediated Coupling of S11 and S12
A 90 µL solution of S11 (5.0 pmol) and S12 (7.5 pmol) in 8:1 MES buffer (100 mM MES, 1 M NaCl, pH 6.0):CH 3 CN was added to 0.3 mg of sNHS in a 1.5 mL eppendorf tube. 10 µL of a 0.04 mg/µL solution of EDC in MES buffer was then added. The resulting solution (100 µL total volume, 9:1 MES:CH 3 CN) was briefly vortexed and then left at the appropriate temperature for 14 hours. The DNA was precipitated with ethanol prior to subsequent analysis.
PAGE Analysis of Acylation Reactions
Denaturing PAGE (15% TBE-urea gel, 300 V, 25 minutes) and subsequent fluorescence quantitation was used to monitor the acylation reactions. Regardless of the acylation reagent employed, amidebond formation was markedly more efficient at 4 °C compared with the room temperature reactions ( Figure S6 , lanes 1 vs. 2, 5 vs. 6). This result was consistent with our expectation that the melting temperature of the 8 bp intermolecular duplex is ~10 °C, and therefore lower temperature provides higher reactivity by stabilizing the duplex intermediate. Furthermore, an experiment with a mismatched stem sequence (S11+S13), such that no intermolecular hybridization is possible, resulted in no amide product, demonstrating that DNA hybridization is essential to the reaction under our experimental conditions ( Figure S6 , lane 4). Figure S6 . Fluorescence quantitation of the DNA-templated acylation reaction.
Library-Format Experiments (Figure 5)
Sequences:
Stem-forming nucleotides are in bold, point mutations are italicized, and the HindIII recognition site is underlined. 
6: GCT GAC TAC AGA GTG GGA TG
Library-Format PvuII Experiments
A parallel set of experiments were carried out to corroborate the HindIII digestion results. All sequences and procedures were identical to the HindIII experiments, except for those noted below. A double point mutation was used to distinguish the intermolecular and intramolecular substrates to take into account the lower sequence fidelity of PvuII.
Sequences
Sequences for Intermolecular Architecture S15: GCT GAC TAC AGA GTG GGA TGC AAG TGC ATC TCA AGT TCT ATG Sequences for Intramolecular Architecture S16: GCT GAC TAC AGA GTG GGA TGC AGC TGC ATC TCA AGT TCT ATG-spacer9-CTG AGC TCG TTG ATA TCC GCA GCA TAG AAC Restriction digestion of the PCR reactions was carried out with 1 µL of PvuII-HF (10,000 units/mL stock in glycerol). Heat inactivation was achieved by incubation at 80 °C for 20 minutes following the 1 h incubation at 37 °C. Reactions were analyzed as described above ( Figure S7 ). The free amine of each substrate above was coupled to a small-molecule carboxylic acid derivative as described earlier. For the reactions with 6-heptenoic acid and 10-undecynoic acid, the active ester was formed in 0.15 mL DMF, and 0.1 mL of the resulting soluble fraction was added to the DNA-NH 2, giving a total volume of 0.2 mL. This modification led to increased yields, presumably due to greater solubility of the hydrophobic carboxylic acids in DMF.
6-heptenoic acid was coupled to S17 to give S20.
4-iodophenylacetic acid was coupled to S18 to give S21.
10-undecynoic acid was coupled to S19 to give S22.
Three substrates were made by formation of a disulfide bond:
4b was coupled to 10b to give 9b. S20 was coupled to S21 to give 9d.
4b was coupled to S22 to give S23. 
Reaction of Disulfide-Linked
Synthesis of DNA-Peptide Conjugate 17
Compound 17 was synthesized by solid-phase co-synthesis. 0.2 µmol of 3' amino modifier C7 CPG was subjected to solid-phase peptide synthesis to install the pentapeptide on the Fmoc-amine group.
The peptide synthesis comprised iterated rounds of Fmoc deprotection (20% pipiridine/NMP), coupling (Fmoc-amino acid/HATU/DIPEA/NMP), and capping (5% acetic anhydride and 6% 2,6-lutidine in NMP).
The CPG was then subjected to standard solid-phase DNA synthesis to install the oligonucleotide at the site of the DMT-protected hydroxyl group. The substrate was cleaved from the resin by standard methods (NH 4 OH/methylamine). The 5'-DMT-protected DNA was then purified by HPLC. Following lyophilization and deprotection of the DMT group by standard methods (3% TFA), the DNA was repurified by HPLC to yield 17 (26.6 nmols).
Detection of Bond Cleavage by Subtilisin A
DNA-peptide 17 (2.6 pmol/uL) was treated with subtilisin A (65 ng/uL) in PBS buffer. iv After incubation at 37 °C for 90 minutes, the DNA and enzyme were separated by phenol/chloroform extraction. The DNA was recovered by ethanol precipitation, and taken up in the appropriate buffer (MOPS or MES) for acylation with 10c under the conditions described earlier. Quantitative PCR and PCR/PAGE analysis were performed as described earlier. iv Subsequent experiments demonstrated that lower concentrations (to 650 pg/uL) of subtilisin A were sufficient to affect bond cleavage under otherwise identical conditions.
